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Ah! how little knowledge does
a man acquire in his life. He
gathers it up like water, but
like water it runs between his
fingers, and yet, if his hands
be but wet as though with dew,
behold a generation of fools
call out, ttsee, he is a wise
manJ"

SHE

~Rider

Haggard

THE FALL AND RISE OF THE SPONTANEOUS GENERATION THEORY
The reader who is familiar with Gibbon's work and the more
recent writings of William Shirer might automatically alter or reverse part of the title of this treatise to correct what appears to
be the writer's 'err'or.

Others might mentally protest that something

must first rise before it can fall, but that part at least, could
have been explained by Sir Isaac Newton, perhaps as he rubbed his
head.
Although we might seem to be putting the cart before the horse,
let us proceed with orderliness in some definite direction.
First, what is meant by the term spontaneous generation?
Webster's New Collegiate Dictionary states that spontaneous
generation is "the generation of living from non-living matter;
abiogenesis; autogenesis; from a belief now abandoned, that organisms
found in putrid organic matter arose spontaneously from it."
A textbook, published in

1~51,

attempts to explain the concept

by inference in the following manner: ttAristotle and other early
biologists understood correctly how the higher animals reproduce,
but for centuries people believed that many forms of life arose
from non-living matter by spontaneous generation."

1

A more recent text (1":161) puts it this way: ''One of the great
negative triumphs of biology has been the discrediting of the idea
of spontaneous generation ••• the doctrine

tha~

holds that under some

conditions living creatures are generated spontaneously in non-living
materials." 2
1

Tracy I. Storer, General Zoology (New York: McGraw Hill Book
Company, 1951), P• 121.
2 Garrett Hardin, Biolo

Francisco and London:

w.

Its Princi les and
H. Freeman an
-1-
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These and the other texts which the writer consulted, followed
an explanation of the term with examples of the bizarre forms which
this belief took.

Often mentioned, were the beliefs of the ancients

that frogs arose from mud, mice from rotting cheese, and insects
from dew.
As a teacher of high school or college biology tells his students
of these beliefs, each face, full of its twentieth century wisdom,
smirks superciliously with a "Boy-how-dumb-can-you-get?" look.

Each

student is willing to excuse the ignorance of the ancients with regard to the microscopic forms of life, but frogs, mice, and insects •••
well, really1
It is well for us to consider, however, that the theory of
spontaneous generation did not have to battle for a place in people's
minds; it did not need to "rise" •

.Any f'ool could see that maggots

"came from" meat and that decaying fruit produced minute flying
creatures in abundance.

It was the kind of' "Now-you-don't see-it,

now-you-do" evidence that even great minds readily accepted.

The

great Aristotle wrote:
Some of them are produced f'rom similar animals, ••• Others do
not originate in animals of the same species, but their production is spontaneous, for some of them spring from the dew
which falls upon plants. The origin of these is naturally in
the spring, though they often appear in winter, if fine weather
and south winds occur for any length of time. Some originate
in rotten mud and dung; the hair of animals, or in their flesh
or excrements, whether ejected, or still existing in the body,
as those which are called helminths.3
It is known that William Harvey (1578-1657) at least partially
associated himself with the belief of spontaneous generation and
Van Helmont (1577-1644), a Belgian physician who made important
contributions in the field of chemistry, actually believed that he
3 Aristotle, Historv- of .Animals, Trans. Richard Oresswell
(London: George Bell ana Sons, 1902)
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had seen rats arise out of bran and old rags.4
A rather imposing list of "Believers" could be compiled, among
which would be the names o:f Buffon, Needham, Lamarck and Redi.

"But, 11

the reader might hasten to say, "Wasn't Redi one of the fellows who
put an end to this nonsense through experimentation?"

This was true,

in part, and mention should be made of his experiments, but even
Redi believed in the spontaneous generation of intestinal worms and
gall flies. 5
Not all scientists who were contemporaries of those already
mentioned subscribed to the spontaneous generation theory.

In many

cases their disbelief was due to the fact that they held firmly to
other theories which precluded acceptance of propagation by spontaneous generation.

Foremost of such theories was that which is

usually given the self-explanatory name of the special creation theory.
It could be said that the preformation idea which held that the egg
or sperm contained a per:fectly formed individual which merely grew
larger in a proper environment, was a :further elaboration o:f the
special creation theory.
to the

~:,1osaic

The interpretation of creation according

explanation is based upon the theory of preformation

and is rooted in antiquity, as witnessed by the writings of Empedocles,
Plato, and some of the early Church fathers.
It is evident, therefore, that a dichotomy with ancient beginnings still existed in the seventeenth century, with individuals who
explained the origin of life by special creation of organisms in
their present forms on the one hand, and on the other, those who
4

Erik Nord_enskiold, The History of Biologz (New York: Tudor
Publishing Company, 1928), p. 430
5 Ibid.
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explained the origin of at least the lower animals through some inexplicable transmutation of non-living matter.

It is the purpose

of this paper to trace the downfall and the subsequent rise of the
latter idea as a scientific theory and a philosophical concept, as
well as to recognize that the former doctrine, with some modification,
still persists.
The individuals to whom the downfall of the theory of spontaneous generation is most commonly credited are: F'rancesco Redi {16261698), Lazzaro Spallanzani (1729-1799), and Louis Pasteur (1822-1895).
A study of their work will give some insight into the methods employed in the attempt to reach scientific conclusions in this matter.
Prior to the latter part of the seventeenth century it was
coannon that discussions and debates were held about topics of scientific interest, without much thought being given to how the theories
propounded could be tested.

The opinions of persons considered to be

authorities in the past were often accepted without question and
there were instances in which the recorded opinion of an ancient was
repeated as being true even though direct observation indicated that
such an opinion was contrary to fact.

Great credit must be given

to Francesco Redi, therefore, for being the first, at least of whom
we have record, to devise a scientific method for testing one widely
accepted concept in the spontaneous generation theory.
Francesco Redi was court physician to the Grand Duke of Tuscany,
Ferdinand Medici, as well as a member of the Academy of Experiments
in Florence, Italy.

This academy had been organized by a group of

Galileo's former students and was indicative of the new spirit of
inquiry which was beginning to rise in that country.
Redi conducted some well planned entomological studies which

-5-

he recorded in a book entitled, Experiments on the Generation of
Insects.
1668.

This book was written in Italian and was published in

Reading a translation of this work reveals that Redi followed

a method of scientific inquiry which we are often inclined to regard
as "modern".

His hypothesis for the particular problem which we are

about to consider was stated in the following manner:
It being thus, as I have said, the dictum of ancients and
moderns, and the popular belief, that the put~escence of a dead
body, or the filth of any sort of decayed matter engenders
worms; and being desirous of tracing the truth in the case, I
made the following experiments ••• 6
Redi then describes an experiment in which he placed three dead
snakes into an open box and allowed them to decay.

In a detailed

way, the investigator records his observations - the legless worms
of a conical shape which appeared, their subsequent, gradual transformation into motionless egg-shaped objects which we, of course,
now know to be pupae, and then the emergence of the adult flies.
The reader is impressed by the sharp observation and, at times, with

the almost poetic quality, shown for example, in the description of
the hind legs of a certain fly •
••• they are scaly, like the legs of the Locusta marina; they
are of the same color, ~ut brighter, so red, in fact, that
they would put cinnabar to shame; being all covered with
white spots, they resemble fine enamel work ••• s
Similar experiments and observations were made with raw and
cooked flesh of various animals and, from them, Redi records the
same results.
trPr~

These observations made him aware of the fact that

might be a cause and effect relationship between the deposits

6Trans. from Italian ed. of 1688 by Mat Bigelow, (Chica.go:
Open Court, 1809), as quoted in: !asteur and Tyndall's Study of Spontaneous Generation, ed. by James Bryant Conant, (Cambridge: Harvard
University Press, 1953), p. 27
7 The sulfide ore of mercury (the footnote is mine)
Bpasteur and Tyndall, p. 28.
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dropped by flies and the "worms" which developed since he noted
that flies, of the same kind that later bred in it, had hovered
over the meat before it became wormy.

It is interesting to note

that some non-scientists had evidently come to this conclusion at
an earlier date and Redi gives them credit by saying:
••• a fact ••• well known to hunters and butchers, who protect
their meats in summer from filth by covering them with white
cloths. Hence, great Homer, in the nineteenth book of the
Iliad, had good reason to say that Achilles feared lest the
flies would breed worms in the wounds ot Pstroclus, whilst he
was preparing to take vengeance on Hector.
These initial experiments, then, gave Redi a working hypothesis,
· and since

11

bel1ef would be vain w1 thout the confirmation of experi-

ment", he devised the one which is usually described in textbooks
of the biological sciences.
The reader will recall that, in this experiment, Redi placed
meat of various kinds into eight 10 wide-mouthed flasks, four of
which he closed and sealed, and the remaining four he left openo
Here we recognize the part of the scientific method known as the
"control" being used by the investigator.

Redi soon observed that

the meat in the uncovered vessels was frequently visited by flies
and soon appeared wormy, whereas the meat in the closed vessels,
although becoming putrid also, showed no evidence of worms.
Redi was not completely satisfied with his experiment at this
point, however, because he foresaw a possible criticism in the
fact that air had also been prevented from entering the closed
vessels.

Therefore, he repeated his experiment, using a fine veil

to cover a jar of meat instead of sealing it as he had done originally.
9Ibid.
10The books consulted showed wide variance in reporting the
number of vessels used. Eight is the numb~r recorded by Redi himself.
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This latter variation of the initial experiment is also recorded
in many textbooks, but most writers neglect to mention a statement
of Redi's which describes an occurrence which might have led Redi to
other conclusions had he not witnessed it.
I never saw any worms in the meat, though many were to be seen
moving about on the net-covered frame. These attracted by the
odor of meat, succeeded at last in penetrating the fine meshes 11
and would have entered the vase had I not speedily removed them.
It is perhaps heresy to suggest that even writers of the present
day record in a way that will best make a point, but one might come
to that conclusion after noting how many neglected to include the
second sentence of the above quotation in their writings.

Their ver-

sion, of course, serves to uphold the traditional view that Redi's
work was completely scientific and free from possible error.
This writer's curiosity was further piqued by Redi's statement
that the adult flies deposited their ttworms" on the net while others
"dropped them in the air before reaching the net. 11

The question which

came to mind was whether there are flies which deposit visible larvae
rather than eggs, or whether Redi was so convinced of the correctness
of his hypothesis that he saw things which did not exist.

Validity

of this observation was further made questionable by the fact that
many writers have deemed it advisable to edit Redi's record to the
extent of substituting the word "eggs" for

11

worms 11 in the above state-

ment.
When one consults an entomologist one learns that there are
indeed flies which are ovovivparous and would therefore be capable
of depositing larvae instead of eggs.

These larvae, although tiny,

would be visible to the naked eye of a careful observer.
liPasteur and Tyndall, p. 29.

Furthermore,

-sit is possible that Redi might have used magnification of some kind
in this case, since at least in one place in his writings he describes
a particular fly by saying: "The lower abdomen is shiny, with an
occasional hair, as shown by the microscope,{italios mine) and resembles in shape that of the winged ants.ttl2
Although Redi's writings contain the above notation, many writers
state specifically that Redi did not make use of the microscope.
Singer, for example, in his discussion of Redi's experiments, makes
the following statement;

0 using

no microscope, his work failed to

convince those who based their belief in spontaneous generation on
microscopic appearances.nl3
The apparent skepticism of the present writer is not intended
to discredit Redi nor historians but merely to point out that we are
being no better than the scholars of the middle ages if we merely
parrot that which someone else has written if we find that the original
work makes statements to the contrary.

It is perhaps disillusioning

to learn that Redi might have made mistakes and that historians are
sometimes incorrect.

Nevertheless, we cannot behave like the little

girl whose botanical experiment produced results contrary to those
which were expected and as she viewed the vigorous experimental plants
and the stunted control specimens, asked her teacher, "Couldn't we
just switch the signs?"
Returning to the original issue,- the effectiveness of Redi's
experiments in disproving the spontaneous generation theory,- one
can conclude that they did accomplish their purpose as far as it went.
12Ibid., P• 28
13 charles Singer, A History of Biologz (New York: Henry Schuman,
Inc., 1950), P• 433.
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It is necessary to recall that the hypothesis was a limited one,
however; that of showing that flies are necessary to produce more
flies.

An attempt to generalize about all other cases of what seemed

to be evidences of spontaneous generation was certain to be challenged.
Thus, it is not strange that the basic controversy continued to
smoulder, although it took the increased use of the microscope in the
latter part of the seventeenth century and the first half of the
eighteenth to add fuel to the fire of the advocates of spontaneous
generation.

One might expect that greater use of the microscope would

have had an opposite effect until one considers that now, for the first
time, investigators were able to see within infusions, minute organisms which revealed nothing that resembled sexual generation.

From

these observations, some individuals concluded that they were witnessing the results of the transmutation of non-living substances into
simple organisms.

Others refused to accept this as proof of sponta-

neous generation even though their own convictions were wholly as
insupportable by actual evidence.

In both schools of thought, philo-

sophy and metaphysics were still interwoven in the meshes of scientific
considerations.
The role of the church in this whole controversy is interesting
to contemplate.

The Russian writer, A. I. Oparin devotes much of the

first chapter of his book, The Origin of Life on the Earth, to this
subject, and it is quite obvious that Oparin is uncharitable toward
any opinions set forth by religious leaders.

Whether the views held

by the clergy were right or wrong, one should remember in all fairness,
that the minds of those early churchmen and scientists were surely
far from unintelligent.

They were striving to interpret the mysteries

of the universe in light of their limited knowledge which is exactly
that which Oparin himself is attempting.

Admittedly, Oparin is in

-10command of greater knowledge, but he is standing on the shoulders
of many ancients to reach these heights; they have not been attained
solely through his personal intellect.
On the subject of spontaneous generation, it seems that religious
leaders themselves had conflicting views.

Oparin quotes St. Basil

the Great, st. Augustine of Hippo, and Thomas Aquinas as going down
"on the record" as being believers in spontaneous generation. 14

Yet,

in later years, belief in that same concept was thought, by many theologians, to deny the special creation of living things by Godo

Thus

it is understandable that two devout Catholic priests of the eighteenth century were at opposite poles in their interpretation of the
validity of belief in spontaneous generation.

These priests were

John T. Needham (1713-1781) and Lazzaro Spallanzani (1729-1799).
Since neither was content with approaching the question merely via
a metaphysical route, but conducted well-plarmed experiments to probe
for the answer instead, it will be well for us to consider their
methods and findings.
Needham believed that a special "vital force" was contained
within every microscopic particle of organic matter
force was capable

o~

and

that this

animating the organic matter in an infusion.

To test this hypothesis, Needham carried out extensive experiments,
one of which he records as follows:
I took a quanity of mutton gravy hot from the fire and
shut it up in a phial closed with a cork so well masticated
that my precautions amounted to as much as if I had sealed my
phial hermetically. I thus excluded the exterior air that it
might not be said my moving bodies drew their origin from insects or eggs floating in the atmosphere. I neglected no precaution even so far as to heat violently in hot ashes the body
of the phial that if anything existed even in that little portion of air which filled up fge neck it might be destroyed and
lose its productive faculty.
14A. I. Oparin, The Ori~in of Life on the Earth. Trans. Ann
Synge. (Edinburgh: Oliver an Boyd, 1957), pp. 9-11.
15As quoted by Oparin, PP• 21-22.
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Even after these precautions had been taken, however, Needham
found that the vessel teemed with micro-organisms within several
days.

In subsequent experiments he used a variety of substances to

make his infusions and the results were always the same.

He concluded

that his experiments gave scientific proof for his original h-ypothesis;
non-living substances are transformed into living organisms.
The acceptance of Needham's findings received great impetus from
the support they received from Buffon (George L. Leclerc, Comte de
Buffon, 1707-1788), an influential encyclopedist of scientific information.

In 1749, four years after Needham had published his treat-

ise, Buffon published a volume in which he explained a theory which
held that all of nature is full of ngerms of life" and which ascribed
to the truth of spontaneous generation.

It is believed that Needham's

experiments influenced Buffon•s views since they were known to be
good friends.1 6
Lazzaro Spallanzani, the other priest mentioned earlier, challenged
Needham's views and undertook equally extensive experiments to verify
his own conviction that spontaneous generation did not occur.

He

complained that "one sees men opposing the opinion of Needham but I
do not believe that anyone has ever thought of examining it experimentally.017

He felt that Needham's experiments had yielded results

which were the consequence of insufficient heating of the vessels, and
he proceeded to devise and carry out hundreds of his own experiments.
In these studies, vessels containing organic liquids similar to those
which Needham had used were subjected to prolonged boiling and were
then sealed carefully.

When these procedures were followed, Spallan-

zani found that the liquid did not putrefy and micro-organisms did
l6pasteur and Tyndall, P• 17
17 Ibid., 18.

-12not appear.
Needham's objections to the experiments of Spallanzani can best
be understood by reading his own words which are as follows:
Nothing remains to be done save to speak of Spallanzani's
last experiment which he himself believes to be the only one
in his entire treatise that appears to have some force against
my ideas. He hermetically sealed nineteen vessels filled with
different vegetable substances and he boiled them, thus closed,
for the period of an hour. But from the method of treatment
by which he has tortured his nineteen vegetable infusions, it
is plain that he has greatly weakened, or perhaps entirely destroyed, the ve~etative force of the infused substances. And,
not only this, e has, by the exhalations and by the intensity
of the fire, entirely spoiled the small amount of air that remained in the empty part or his vessels. Consequently, it is
not surprising that his infusions, thus treated, gave no sign
of life. This is as it should have been.
Here then, in a few words, is my last proposition and the
result of all my work: Let him renew his experiments, using
substances sufficiently cooked to destroy all the supposed
germs that one may believe to be attached to the substances
themselves or to the interior walls of the vessel, or floating
in the air within the vessel. Let him ~eal his vessels hermetically, leaving within them a certain amount of undisturbed air.
Let him then plunge the vessels into boiling water for several
minutes, the time which is necessary to harden a hen's egg and
to kill the germs. In a word, let him take all the precautions
that he wishes, provided that he seek only to destroy the supposed foreign germs which come from the outside. I reply that
he will always find these microscopic living creatures in number
sufficient to prove the correctness of my ideas.18
Spallanzani carried out further experiments which, in the minds
of most present day scientists, successfully answered Needham's
criticisms, but they failed to convince many of the abiogenesists
of the eighteenth century.

Furthermore, subsequent advances in

science seemed to strengthen the views which held that air contained
a mysterious "vital force".

For example, an eminent French chemist,

J. L. Gay-Lussac (1778-1850), gave a definite boost to Needham's
views by showing, by direct analysis, that oxygen was absent from
vessels containing liquid which had been subjected to boiling and
were then sealed.

He devised a convincing experiment to illustrate

18 Ibid., P• 19.
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the essential part played by oxygen and it was frequently used by
later believers in spontaneous generation as experimental evidence
to support their views.
Important to our discussion here and reminiscent of the dispute
just described, was the controversy which raged between Louis Pasteur
(1822-1895) and Felix Pouchet (1800-1872).

The salient points in the life and work of the French chemist,
Louis Pasteur, are well-known but a review of those studies which
dealt with spontaneous generation would be appropriate at this time.
It cannot be said that Pasteur's academic career was particularly
brilliant, but biographical sketches reveal an intellectual curiosity
which undoubtedly contributed to his ultimate success and helped to
earn for him the revered place which he holds in the annals of science.
Early studies in crystallography and fermentation, as well as his
success as a teacher, put Pasteur's scientific reputation on a firm
foundation.

Regarding his position as professor and dean of the

faculty of science at Lille, one biographer reveals a facet of Pasteur's
life which is not often emphasized.
He made a most conscientious professor, shirking no toil
in order to make his lessons clearer and more interesting, to
base them on convincing experiments, and increase their utility.
In consequence, the little amphitheatre wlj:~re he delivered his
course of lectures soon became too small.
Thus, it may be said that Pasteur was already "established't when,
in 1859, the Academy of Science offered a prize for:

"An endeavour

by means of careful experiments to throw new light on the question
of spontaneous generation." 20

A committee of reputable scientists

was appointed to adjucate in the competition and they made clear their
requirement of:

"Well-defined experiments, conducted with every

19L. Descour, ..----~,........,....--..,,...----'
Pasteur and His Work Tr ans. A• F • an d B• H• We dd
(New York: Frederick
A. Stokes Company), P• 310
20 rbid., P• 48
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precaution, studied with regard to every condition affecting them; in
short, experiments from which can be deduced results freed from the
21
confusion created by the experiments themselves."
It was undoubtedly curiosity as well as a conviction that his
studies in fermentation prepared him for such investigations which
prompted Pasteur to enter the competition in spite of urgent advice by
many colleagues to refrain from doing so.

It is interesting to note

also that the studies had to be carried out at Pasteur's own expense
~

since the Ecole Normale, at which he was serving as Administrator and
Sub-Director of Science-Studies after his three-year professorship
at Lilla, provided no laboratory grants.

In reply to a request from

Pasteur, the Minister of Public Instruction wrote: "There is no
heading under Expenditure which will permit me to allow you even fifty
centimes towards the cost of experimental work." 22
The studies upon which Pasteur based his treatise, Experiments
Relating to Spontaneous Generation, the first part of which was presented to the Academy of Science on February 6, 1860, are pertinent
to our discussion and will be touched upon briefly below.
Other investigators had previously used cotton to filter air,
but Pasteur improved upon the method and utilized it to determine
the nature and number of germs which might be contained in the air.
Ee drew air through cotton by means of a hydraulic aspirator, then
washed the cotton in a mixture of alcohol and ether, and subsequently
examined the residue under the microscope, noting that tiny bodies
showing structural organization could always be seen.
Preparation of a watery solution of a fermentable liquid containing sugar and yeast-water comprised the next step of this par-

· 2 ~Ibid.
22 Ibid., P• 51.
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ticular experiment.

This fluid was placed in a glass flask whose

neck was then drawn out into a fine hollow tube.

The fluid was boiled

for some minutes and then air which had passed through a red-hot platinum tube was permitted to enter the flask.

Prepared in this way,

the solution remained unchanged indefinitely.

When ordinary air was

.admitted, however, the liquid soon became full of bacteria or covered
with molds.

Still, it might have been said that Pasteur, by heating

it, had destroyed the capacity of the air to support life, so he devised other experiments to forestall this criticism.

He sets the

stage for his next experiment by saying:
Given these facts, let us try to discover what will happen
if we introduce, into the water containing sugar and albumin,
the dusts that we have already learned to collect (by drawing a
stream of ordinary air through a glass tube plugged with cotton)
taking care that nothing else is introduced and that the liquid
is in contact with this same heated air ••• 23
The diagram below shows the arrangement of

Pasteur:•~

apparatus.

Reference to the figure will clarify the accompanying description of
the experiment itself.
Air- c - i ~'8~8'l_.azzzepo;a..~i!'l222c~cP---.
Rea.:.~ -.c'l ro,.......,.~'1»CT-"T11Z!lmr-"~t
tube in
~~
Point
furnace
~
of
Suction
Resealin
pump

Sugared--yeast water
Flask B and its contents have been prepared as described previously and have been kept sealed at about 25° for several months
without manifesting any change.

Without breaking the seal, the

flask is connected by means of rubber tubing to the apparatus shown
in the figure.

The part labelled! is a glass tube and within it has

23pasteur and Tyndall, p. 31.

-16been placed a much smaller tube with open ends (a).

The tiny tube (a)

contains one of the small wads of cotton full of dust filtered from
the air.

A T-shaped metal tube provided with stopcocks is labelled

lii

and examination of the diagram shows that one stopcock is connected
with the suction pump, one with a tube (of platinum), heated red-hot,
and the third with tube

!• Pasteur describes the experiment thus:

When all the parts of the apparatus have been assembled
and the platinum tube has been brought to red heat by a gas furnace, the vacuum pump is started after the stopcock leading to
the platinum tube has been closed. This stopcock is later opened
in such a way that the calcined (sterilized) air enters the apparatus very gradually. The.evacuation and the admission of the
calcined air are alternately repeated ten to twelve times. The
little tube carrying the cotton is thus filled with heated air,
even in the smallest interstices of the cotton, but the cotton
retains its dust. This done, I break the sealed tip of flask B
from outside the rubber tube cc, without loosening the latter's
bindings. Then (by lowering l"Iask B) I make the little tube containing the dust slip into the flask. Finally, I use a lamp to
reseal the drawn-out neck of the flask, which is then once again
returned to the incubator. Now it happens without fail that
growths begin to appear in the flask after 24, 36, or 48 hours
at the most.~4
The experiment, as presented above, would seem to be an elaboration of those of Spallazani, aimed at taking care of all the objections of Needham.

Pasteur's experimentation did not stop at this

point, however, and he set up further experiments to refute specific
arguments presented by Pouchet.
experiments was:

The hypothesis for one of these

"It is not true that the smallest quanity of ordinary

air is sufficient to produce in an infusion organized life characteristic of that infusion - Experiments with air from different localities ••• "

These studies are briefly discussed below with those of

Pouchet on the same subject.
F'elix Archimede Pouchet was a professor at Rouen and enjoyed a
24 The description of the experiment as well as the accompanying
figure are from Pasteur and Tyndall, pp. 30-32.

-17reputation as both a botanist and a zoologist.

It was his contention

that micro-organisms are generated spontaneously within substances
which ferment or putrefy and that fermentation is the first step in
the process by which existing organic substances are transformed into
living forms.

From his point of view, the results of Pasteur's ex-

periments were meaningless and he set out to discredit them.

The

experiments which were carried out by Pouchet were very much like some
of those performed by Pasteur.

He too sterilized flasks containing

fermentable substances and carefully sealed off the necks.

He noted

that there was no change in the contents as long as the flasks were
unopened.

However, when he opened these flasks at the edge of a glacier

at an elevation of 6000 feet and then resealed them, he found that
all the vessels subsequently contained living organisms.

To him, this

indicated that spontaneous generation had taken place when air was
admitted, and the fact that it was pure air at the edge of a glacier
showed that the micro-organisms had not been air-borne.
Pasteur's results from similar experiments were different.

When

Paateur opened and resealed nineteen flasks in the lecture hall of
the Museum of Natural History, only four showed growths.

Eighteen

flasks were opened outdoors under some trees and this time sixteen
developed growths.

From this, Pasteur concluded that the admission

of air did not absolutely ensure development of organisms.

Therefore,

he averred, it was not the air itself but microscopic seeds or spores
which the air might or might not contain which caused the growth.
An interesting and perhaps little known commentary on the above

experiment is brought to light in the words written long afterwards
by one of Pasteur's assistants.
The battle was won, for Pasteur was sure of his experiments •••
Had anyone told us that this brilliant victory amounted to
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nothing, he would have surprised us very much. Nevertheless,
such was the case. Pasteur was right; Pouchet, Joly, and Musset
(his collaborators) were right also, and if, instead of withdrawing,
they had repeated their experiments, they would have embarrassed
the Commission very much, and Pasteur would not have known how
to reply to them.
It is in reality quite true that if one opens, at any point
whatsoever on the globe, flasks filled with a decoction of hat
as Pouchet did, it often happens that all the flasks become c ouded and filled with living organisms. --rii other words, with this
infusion, the experiments of Pasteur with ~east water do not
succeed ••• The fact is that the germs alrea y exist in the (hay)
infusion. They have resisted boiling, as is the case with a
great number of micro-organisms. They have remained inert as
long as the flask, sealed during the boiling, remains devoid of
air. They develop when the air enters, thanks to its oxygen.
But Pasteur did not yet know this result.25
Therefore, as inferred by the quotation above, Pouchet had not
necessarily been guilty of careless technique as Pasteur surmised.
Furthermore, the experiments which most of us have assumed to have been
identical were hardly that when different substances (sugared yeast
water by Pasteur and hay infusion by Pouchet) had been used by the two
investigators.

However, Pouchet withdrew from the competition and

Pasteur emerged triumphant.

The Academy of Science awarded the prize

to Pasteur in 1862.
Are we then to re-evaluate the evidence and then conclude that
Pasteur was wrong and that Needham and Pouchet were the true victors?
Why is it that scientists today accept Pasteur's results?

The answer

lies in the bacteriological techniques that were first suggested by
Pasteur in his study of lactic acid fermentation.

At present it is

possible to obtain a pure culture of a given micro-organism and Needham and Pouchet would have been hard pressed to explain why a particular
sterile nutrient yields only bacteria h_ when inoculated with A and only
bacteria B when inoculated with B.

Confronted by this kind of evidence,

perhaps many of the abiogenesists we have mentioned would have recapitulated.
25rb1d., PP• 13-14.
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basic question which has plagued thinking man throughout the ages?
If living things do not come into being spontaneously, how did they
arise; what is the origin of life?
For many scientists and philosophers, this question had to be
put into the realm of faith; it was believed. to be unanswerable.
For others, the experiments of Pasteur gave them evidence of
special creation.

Even though they might accept Darwin's theory of

the evolution of higher organisms, these individuals felt that a
supernatural force had created original life.

This concept still per-

sists and is exemplified by a religious tract which the present author
picked up in a railroad terminal some years ago.

The pamphlet seemed

to be typical of free literature of this nature except that a large
headline, "LIFE ONLY FROM LIFE", accompanied by a picture of Louis
Pasteur, caught the eye and curiosity prompted its.acquisition for
perusal on the train.

Contrary to this writer's expectations, the

article was well-written and subsequent reading from authorative
sources showed it to be historically correct in its discussion of
Van Helmont, Redi, and Pasteur.

The purpose of its inclusion in

religious literature is summarized by the last paragraph of the article
itself, which reads:

"But we have living things all around us.

whence did they come in the first place?

From

The conclusion is inevitable

that the beginnings of these forms of life must have been by a direct
creation."

The article's author perhaps anticipated the next logical

question which might occur to his readers by terminating his writing
with the observation that ••• 11 the way in which these facts establish
the truth of an original creation must be left for another discussion.n26
2.6.George Mccready Price, "Life Only From Life," Signs of the Times,
October 16, 1951, p. 7, 14.
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such a discussion or whether he felt that this knowledge might be
revealed to us in some other way at some other time is not known.
For some scientists, belief in direct creation as described
above was anathema, and their only way out was to stubbornly adhere
to belief in spontaneous generation.

Oparin cites examples of in-

vestigators as late as 1968 carrying out experiments and publishing
"proofs" that Pasteur was wrong. 27

Those individuals, however, for

whom Pasteur's experiments gave irrefutable evidence that spontaneous
generation did not occur and yet who could not accept the special
creation theory were in a plight similar to that of the dead atheist
whose friend commented, "Poor fellowl He's all dressed up with no
place to gol"
The thorny question continued to irritate and stimulate man's
mind and the result was a variety of theories as to how life might
have originated.

Some individuals conjured and then clung to the

straw concept that life is eternal - that there was no beginning and
will be no end, or as stated by a French botanist and quoted by
Oparin: "The vegetation of the earth had a beginning and will have an
end, but the vegetation of the universe, like the universe itself, is
eternal." 28

When confronted by evidence that life apparently did not

always exist upon the earth, believers in the eternity of life have
theorized that it has reached the earth from other heavenly bodies,
within meteorites.

It has also been seriously suggested that highly

developed beings capable of interplanetary travels might have brought
life here at some time in the past.

The sources which have been

consulted in the preparation of this paper gave no credence to these
27 oparin, pp. 34-37.
28
Ibid., p 45.
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views.

In the search for "truth" in this matter then, one might say

that some of the theories satisfied some of the people some of the
time, some of the theories satisfied some of the people all the time,
but none of the theories satisfied all of the people all of the time.
Let us return to the
paper.

thow~ht

expressed by the title of this

How can it be said that the theory of spontaneous generation

has "risen" in the twentieth century?

Is the present writer suggesting

that Redi, Spallanzani, and Pasteur were wrong in their conclusions;
that spontaneous generation does or did occur?

In answer to this

question, let us turn back to the definition of the term spontaneous
generation.

It was said to be the transmutation of non-living mater-

ials into living things.
For those individuals who consider the term to refer only to an
occurrence which takes place within a short period of time, perhaps
we can unequivocally answer "no" to the query as to whether it does
or did take place.

For those who use the term to apply only to the

present day, perhaps the answer must also be in the negative, although
Pasteur himself said: "In the present state of science, it is impossible
to prove a priori that there can be no self-creation of life apart
from the pre-existence of similar living forms."

29

The reader will

note that Pasteur qualified his statement by using the phrase, "in the
present state of science". That was in the nineteenth century and
much water has gone under the bridge since then.

To get a twentieth

century opinion, it would be well to consult the views of A. I. Oparin,
one of the most often quoted authorities on the subject of the origin
of life.

Regarding the possibility of abiogenetic origin of life at

29 Pasteur and Tyndall, p. 60.

-22-

present, Oparin states:
Of course, in some out of the way parts of our planet
where, for some reason, there are no organisms, but where the
circumstances are suitable, it might be that the process of the
primary formation of life is, even now, taking place.30
But perhaps we need not be concerned with whether the process
of spontaneous generation is occurring todaz.

Instead, let us attempt

to discern what Oparin means by "the primary formation of life''.
Does science, at last, have conclusive evidence about this phenomenon?
For the purposes of our discussion, it is necessary to present
an explanation of the origin of life which is widely accepted at
the present time.

A detailed treatment of these views may be found

in Oparin's book, The Origin of Life on the Earth, or in an article
by George Wald in the August, 1954 issue of Scientific American, but
it is felt that a synopsis shall suffice herein.
At the outset, one must real:i,ze that it is believed that chemical
conditions in the earth's crust are different today than they were
before the origin of life.

It is thought that there was very little,

or perhaps no, oxygen or carbon dioxide in the atmosphere but that it
contained great amounts of ammonia, methane, water vapor, and hydrogen.
Within the oceans were probably various compounds.

As a natural con-

sequence of the chemical and physical conditions vihich were existent,
great numbers of reactions took place, resulting in the eventual
formation of organic molecules.

Recently, investigators have shown

that organic compounds can be produced experimentally.

In 1953, for

example, an American chemist, Stanley Miller, showed that exposing
a mixture of water vapor, methane, ammonia, and hydrogen gases to an
electric spark for about a week brought about the formation of a
number of organic compounds including some amino acids.
30

Oparin, P• 489.

It will be
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recalled that the gases used in that experiment are those which are
thought to have been abundant in the primordial atmosphere.

The

electric spark of the experiment simulated the lightning charges which,
it is surmised, abounded in the period of prebiotic history.

The

results of this experiment by Miller are interpreted as showing that
organic compounds could have been produced under conditions believed
to have prevailed on the earth about four billion years ago.
From this first step of the hypothesis, one can proceed to
theorize that more complex and larger molecules formed as a result
of further reactions, collisions, and aggregations.

Scientific in-

vestigations made during the past decade have given evidence to support
some of these suppositions, as indicated by

c.

L. Prosser in an article

in American Scientist when he states: "Fox has demonstrated polymerization of peptides and Doty has shown that artificial peptides tend
to coil in an alpha helix as soon as eight to ten members are reached
31
and that polymerization speeds as coiling proceeds.''
By chance, there eventually arose from these associations and
arrangements, a group of molecules which had the unique ability to
produce others of their kind.

Some authorities compare this process

to the manner in which genes are thought to replicate themselves from
substances within cells.

Whatever the method, it is a

and as such we can assume that it required energy.

11

life process",

The energy source

is believed to have been the organic compounds within the environment,
and Oparin suggests that natural selection took place at the molecular
level during competition for raw materials.

One might ask whether

such a method of acquiring energy is not analogous to one's throwing
the walls into the fire to keep the house warm, since the supply of
31

C. L. Prosser, 11 The 'Origin' After a Century: Prospects for
the Future, American Scientist, December, 1959, p. 537.
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organic materials of the environment would surely diminish and
disappear in time.

Advocates of the theory we are describing explain

that the next important step was the evolution of organisms which
were capable of photosynthesis.

Such an advance liberated the organ-

isms from their environment and brought about the gradual evolution
of a tremendous diversity of forms of life.
In a very brief and over-simplified way, then, we have described
a modern theory which holds that there has been a gradual evolution
from non-living substances to complex molecules possessing attributes
of living things, and from those primitive organisms, all life as we
know it has evolved.
Naturally this theory has its critics.

Some are skeptical about

the probability that mere chance could have given rise to the complexities of even the simplest living organism.

For a plausible explana-

tion of such probabilities one should turn to the George Wald article
already mentioned.

Others advance various hypotheses as to the de-

tails of the process itself and some controversy exists as to whether
the first organism was an autotroph or heterotroph, but at any rate,
a survey of current textbooks of the biological sciences reveals a
presentation of the subject which contains the basic concepts of the
theory as outlined above.

In essence, it is a belief in the genera-

tion of life from non-living substances.
Can that be the ghostly laughter of Aristotle, Needham, and
many others which we hear as we read the words of George Wald in the
pages of Scientific American, published in the enlightened year of
19541

Mr Wald writes:
I think a scientist has no choice but to approach the origin
of life through a hypothesis of spontaneous generation. (italics
mine) What the controversy reviewed above showed to be untenable
is only the belief that living organisms arise spontaneously
under present conditions. We have now to face a somewhat differ-
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ent problem; how organisms may have arisen spontaneously under
different conditions in some former period, granted that they do
so no longer.32
If it can be said that the present author has succeeded in proving
the point as stated by the title of this treatise, it must be added
that other benefits have been derived from the review of history which
was made for this purpose.

More important than the gleaning of facts

about early beliefs and methods of experimentation is the respect for
the ancients which such a study engenders ••• a respect which is all
too remiss in the minds of today's students.
Furthermore, one is made aware of the necessity for humility on
the part of scientists when they present their theories and findings.
It is wise to remember that today's "truths" do not always remain
constant.

It is interesting to note how many of the proponents of the

current explanation of the origin of life do not bother to modify
their convictions with "in the present state of science", as did
Pasteur, or "according to the evidence we have at hand" as one might
expect of open-minded individuals.

Instead, their views and findings

are often presented as dogmatically as are some religious doctrines
of which some of the same individuals are critical.

An example of

this type of dogmatism is contained in the following excerpt from
a recently published biology textbook:
Living creatures on earth are a direct product of the
earth •••• Nothing supernatural was involved - ONLY time and
natural physical and chemical laws operating within the
peculiarly suitable earthly environment.33
For all their wisdom, surely present scientists cannot and
will not sit back with a "That's thatl" attitude as though they
had solved the origin of life.

Someone will always pose the question

32 George Wald, ''The Origin of Life", Scientific American,
August, 1954
33

Paul B. Weisz, Elements of Biology (New York:McGraw-Hill
Book Company, 1961), P• 21.
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as to where the non-living matter came from in the first place and
how the properties of the universe originated.

Others, fortunately,

will hold up existing theories to the brightest light in their
possession and will be unafraid to examine them carefully for possible
flaws.

Harold Blum, in an article in a recent American Scientist

seems to be doing this when he writes:
Our knowledge of some aspects of the process of replication
is increasing rapidly at the moment - so rapidly that we may at
times forget, in our enthusiasm, that the origin of a replicating
machine is something different from the copytng of such a machine
once it exists. The point was emphasized by the late John Von
Neumann who, while conceiving a machine that could replicate itself, admitted his inability to imagine a machine that could
create itself .34
One finds himself hoping that in this lifetime more answers will
be found, for, as convincing as the present explanation of the origin
of life might be, one has the feeling of having read part way through
a fascinating mystery story only to find that the last chapters are
missing.

34

Harold F. Blum, 11 0n the Origin and Evolution of Living Machines,"
American Scientist, December, 1961.
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